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ABSTRACT 


Overcrowded conditions, unavoidable absence, and the lack 
of standardization in a course can detract from the learning 
Seoperience. 

In an attempt to solve these problems, fully automatic 
slide-tape programs have been developed for use in the gas- 
dynamics laboratory course. A great deal of effort has gone 
into the development of these programs. In order to improve 
these lecture packages, the students have been asked to evalu- 
ate them. A significant portion of this research is devoted 
to the development of a detailed questionnaire to sample student 
reaction te the slide-tape lecture format. 

itieceneral, the student reaction was favorable and indi- 
cated that a slide-tape program together with an appropriate 
handout would be sufficient to prepare students to conduct 
the experiments on a self-paced basis. 

Also included in this thesis are an additional three 
slide-tape presentations entitled "Wind Tunnel Test Section 
Calibration", 'Wind Tunnel Turbulence Calibration", and 


"Converging-Diverging Nozzles". 
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I. INTRODUCTION 


The Naval Postgraduate School gasdynamics laboratory 
course attempts to demonstrate basic fluid dynamics princi-: 
ples learned in the classroom. The procedures and specific 
experiments of this beginning laboratory course seldom vary. 
The briefing for such labs is ideally suited to some form 
of automation, and this is a necesSary prerequisite if the 
laboratory courses are to be put on a self-paced format. 

It is felt that any proposed automated briefing system 
Should satisfy certain requirements. Specifically, it must 
be suitable for use by any number of students, be easy to 
produce and use, and be self-contained. 

Some of the problems inherent in the teaching of a 
laboratory course were presented in a thesis entitled "Tape- 
Slide Lecture Packages for Use in Aero Laboratories," 

(Palka 1973). These include overcrowding of laboratory 
sections, improper briefing of students, the unavoidable 
absence of students or instructor, and non-standardization 
of the laboratory sessions. 

Limencmuncotsm ereparatton Of Slide-lape Lecture Programs 
Hemetse in Aero Laboratories,’' (Wallace 1973) consideration 
was given to a number of different methods currently being 
Eltipeved) Dy Other schools in the instruction of laboratory 
courses. Among these were slide presentations, video tape 


Systems, audio-tutorial systems, and instructional television. 








The slide-tape presentation method was determined to most 


fully meet the requirements outlined above. 


Initially the artwork for the slide-tape packages was 


produced entirely by the Educational Media Department of 


the Naval Postgraduate School. However, it was felt that 


time could be saved if the artwork was done by a student. 


If quality was preserved, this method of production could 


be used within the Aero Department. The follow on thesis 


by Wallace deals with the details of photographic and art 


Slide production. The various machines and facilities 


available for student use are described in detail. 


Seven slide-tape programs were produced by Palka and 


Hawtace LOr use in the gasdynamics laboratory. These include: 


ile 
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Introduction to Low Speed Wind Tunnels 

The Aerolab on Speed Winds tunnel 

Ciena einewlincehuctions tor the Acrolab Tunnel 
Wind Tunnel Balances 

The Aerolab "543" Wind Tunnel Balance 


Airfoil Performance by Pressure Distribution-Introduction 


MpicC@mrehromiancemby Pressure Distribution-Data 
Reductil @it 


tims work 15 a Continuation of the effort to prepare these 


fully automated slide-tape lecture packages. 





ieee i VES 


The main purpose of nae project was to produce three 
Slide-tape packages. Two of these supplement others already 
prepared for the low speed wind tunnel laboratory course. 
The final slide-tape presentation entitled "Converging- 
Diverging Nozzles" marks the first effort for an automated 
Daleting in the compressible flow regime. 

Another objective of this thesis was to develop a new 
questionnaire to sample student reaction to this form of 
presentation weereedback 4S being sought on two questions: 
first, are the slide-tape programs sufficient preparation 
Pomesclit-paceamiabs, manG SeCOnaGs wiat SUssestions can the 


students make to improve the quality of the presentations? 





III. EQUIPMENT 


Slide-tape programs are presented with a Teaching 


Dynamics TD-201 audio-visual programmer connected to a Kodak 


Carousel remote controlled slide projector as shown in 


Figure 1. This system uses standard two-track cassette tapes. 


| Zs \W——> 
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The audio Boron Of the program is recorded on one track 
and the sound pulses for advancing the slides are recorded 
Sethe other track. The sound pulses have a duration of 
0.5 seconds to 1.0 second and are recorded at a frequency 
fmemerc0 Hertz. Further information concerning the TD-201 
may be obtained by referring to the instruction manual. 
Recently some difficulties have been experienced con- 
Sernine the sound pulses. If these problems persist, an 
alternate means of presenting the slide-tape packages 
should be sought. It should also be pointed out that the 
frequency used by the Teaching Dynamics machine does not 
conform to the recently adopted standard. To be inter- 
changeable with new machines, slide advance pulses should 


be 1000 Hertz and stop pulses (if used) should be 150 Hertz. 
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IV. PROCEDURE FOR PROGRAM PREPARATION 


In planning any instructional sequence, it is important 
to first decide on specific objectives. Care should be taken 
meetlimit the singers of each experiment to pertinent 
information. (Popham and Baker 1970) After all the infor- 
mation pertaining to the specific experiment is gathered, 
one can produce a detailed outline for the presentation. 
hemtee simple sketch cards are prepared to illustrate impor- 
tant points. These sketches represent what will eventually 
become slides. Brief comments are then placed on the cards 
which aid in preparing the final script. A detailed script 
Cai now be written. This script is annotated for pulse 
positions which are numbered to correspond to the sequence 
of slides. Smooth artwork is then prepared for the sketch 
cards and 35mm slides used in the presentation are made from 
these drawings. Finally, the script is recorded along with 
the synchronization pulses which key advancement of the 
Slide tray. Music, if desired, may also be incorporated 


into the program. 
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V. DEVELOPMENT OF A QUESTIONNAIRE 


Previously, upon conclusion of the gasdynamics labora- 
tory course, students were asked to fill out a questionnaire 
(Appendix D). This questionnaire attempted to sample 
Student opinion on the effectiveness of the slide-tape form 
of presentation. It contained forced-choice questions of a 
Memeral nature. Since it 1S anticipated that eventually 
the entire gasdynamics laboratory may be presented on a 
self-instructional basis, it was felt that a more detailed 
and carefully constructed questionnaire was needed. While 
the original questionnaire provided a format to judge student 
Wemecion £6 the slide-tape programs, it did not allow the 
student to critique the quality of the programs. Further, 
it did not solicit the students' assistance in refining 
existing lecture packages. 

Care must be taken in developing any questionnaire that 
surveys opinion. A number of characteristics can degrade 
the validity of results (Payne 1973). Therefore in design- 
ing any questionnaire the following guidelines should be 
followed. 

imeeeonestiom wording can influence the response. To 
assure that the intended issue is understood requires careful 
selection of wording. 

2. Avoid misleading phrases or phrasing which does not 


auteectmchne answer. 
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3. Dichotomous questions may be forcing respondents 
to choose where no choice exists, thus biasing the results. 
Offering a "No Opinion" reply will reduce this bias. 

4. Free-answer questions provide the most uninfluenced 
results in sampling opinion. 

Bee Certain words are subject to variability in meaning. 
Words like ''fair" and "good" leave too much room for inter- 
pretation and should be avoided. For a comprehensive list 
of such words, refer to 'The Art of Asking Questions" 

(Payne 1973). 

MicwoOriganalequestionnaire (Appendix D) violates some 
of the guidelines listed above. The bulk of the questions 
are forced choice. This does not allow the student to fully 
express himseif. Question six is worded too vaguely, it 
leaves too much to the students' interpretation. Question 
eight is worded in such a manner as to influence the response. 
In designing the new questionnaire (Appendix E) the above 
Wasted guidelines have. been followed. 

The worth of a questionnaire can be negated if the 
results are interpreted incorrectly. Three specific points 
to be used in evaluating the results obtained from any 
@muestionnaire are listed below. 

1. Generally the worth of a question can be judged by 
Eeesproportion of “No Opinion" replies. 

2. Respondents are relatively free with their praise, 
Migemcsirant tO eriticize. Be prepared for low response to 


questions seeking criticism. 
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eemeecople 1¢nore much of the detail that surrounds 
them. If a responder is asked to recall something, his reply 


should not necessarily be taken as fact. 
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Vee RESULTS 


iMicmenlnee Slide-tape programs resulting from this 


thesis are available through the Department of Aeronautics. 


Pee IND TUNNEL TEST SECTION CALIBRATION 

This presentation comprises a 14-minute audio tape and 
51 35mm color slides (See Appendix A). The program dis- 
cusses various calibration checks which must be made before 
mvind tunnel! can be used. Since it is not possible to 
directly measure the test section velocity during an experi- 
ment, an indirect method is explained. The equation for 
maonideal velocity in the test section in terms of the 
pressure change across the contraction cone is developed, 
and the tunnel calibration factor and correction factor are 
defined. In addition, methods are described for measuring 
the lateral velocity profile and axial pressure gradient in 
Mmewcest section. This introductory program also suggests 
some organizational procedures to be followed while conduct- 


ing the experiment. 


B. WIND TUNNEL TURBULENCE CALIBRATION 

This presentation comprises a 15-minute audio tape and 
42 35mm color slides. (See Appendix B) Every wind tunnel 
has some degree of turbulence. In order to compare results 
obtained from different tunnels, a procedure has been 


Sev -loped to compensate for this turbulence by calculating 


Ne 





an "Effective Reynolds Number". To do this requires know- 
Meage of the tunnel turbulemce factor. This program dis- 
cusses two methods for determining the turbulence factor 
with simple wind tunnel tests on a sphere. In order to 
explain the rationale behind these tests, it is desirable 

to review certain basic concepts. The program discusses 
laminar and turbulent boundary layer flow and the concept 

of flow separation. Typical drag curves of spheres are then 


related to the determination of the Turbulence Factor. 


fee CONVERGING-DIVERGING NOZZLES 

This presentation comprises a 134-minute audio tape and 
47 35mm color slides. (See Appendix C) This program is 
Mitmeinct In the area of Supersonic flow. The experiment 
provides the student with an opportunity to verify princi- 
ples of gasdynamics learned in the classroom. First, varying- 
area isentropic flow is reviewed as it applies to a con- 
verging-diverging nozzle. Matched, overexpanded, and 
iaaerexpanded flow regimes are then examined in some detail. 
This includes the formation of normal shock waves in nozzles 
as well as oblique shock and expansion waves outside the 
nozzle exit. Methods are suggested for measuring the Mach 
number of flow in a nozzle. A detailed description of the 
experimental apparatus is given, along with the various 
methods of measurement to be used. Two important real. gas 
effects are mentioned as reasons for discrepancies between 


experimental results and theory. 
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Dee RESULTS OF THE SLIDE-TAPE QUESTIONNAIRE 
1. Original Questionnaire 

The original questionnaire yielded information of 
‘a general nature. The exact breakdown of responses can be 
found on the copy included in Appendix D. The sample size 
was thirty-six students. Generally the students felt there 
was a need for a program of this type. The results indicated 
m@mat the Slide-tape format contributed to an understanding 
of the laboratory experiment and its objectives. A majority 
of the students felt they would be able to conduct the 
experiments on a self-paced basis with the use of the slide- 
tape programs and accompanying handouts. 

2. Revised Questionnaire 

The percentage responses to the revised questionnaire 
listed on the copy included in Appendix E are based on a 
sample size of twelve students. This questionnaire provided 
a clearer picture concerning the students' evaluation of 
iteslide-tape program. The original questionnaire results 
Bimdreated that the slide-tape format contributed to an under- 
standing of the lab experiment and its objectives. This was 
mintorced by the revised questionnaire. However the results 
further indicated students unanimously felt the slide-tape 
Programs were not sufficient preparation, and that the hand- 
Opules were necessary. 

Suggestions were made to include more pictures oF 
Pewee x<Perimental Set-ups in the programs. Results also 


indicated the organizational and procedural tips were of 
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great assistance to the students. They requested that 
similar tips be given in the area of data reduction. 

Student opinion was also surveyed concerning the 
Muality of the slide-tape programs. The RAO One 4clavs 
students felt the length of the presentations and the 
number of slides used was sufficient. No preference was 
indicated concerning lettering/background color combination, 
although low contrast combinations such as black lettering 
on a red background were disliked. Some students felt that 
the slides sequenced too quickly, and that this detracted 
Pomethe quality of the programs. 

One half of the students showed a reluctance to give 
up an instructor during the experiment, although they all 
miemeatea they were Capable of running the experiment on a 
self-paced basis. ; 

Overall the slide-tape programs were well received. 
The students particularly liked the organized format and 


suggested that other labs be slide-tape formated. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 


Puolmeseuaent SUrvVeyS, Lt can be concluded that the 
Slide-tape programs are contributing to an understanding 
of the laboratory experiments. The quality of existing 
packages is generally good. However, the written handout 
desired by the students for referral during the experiment 
could use improvement. (It should be noted that this 
particular group of students received an old "Lab Manual" 
Timchmdrd not Contain copies of two of the recently prepared 
programs.) 

It is recommended that the remainder of the compres- 
Sible flow portion of the gasdynamics laboratory be con- 
werted to slide-tape format. Each succeeding class should 
be surveyed to continually provide data to improve the 
Mackapes. Questionnaires for this purpose should be handed 
out at the beginning of the course to allow each student to 
make pertinent comments as they occur. Finally, an attempt 
Should be made at conducting the gasdynamics laboratory on 
a self-paced basis. If the results are satisfactory, then 
other laboratory courses should be converted to the slide- 


tape format. 
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APPENDIX A 
Ho OmLUNNE@ TEST eSECTION CALIBRATION 


I. (Start on blank slide -- no cueing pulse required. 
Background music on relatively loud.) 


2. (Target slide.) 


3. (Keep background music on at decreased volume.) 


Building a new flight vehicle is preceded by a great 
deal of design and development work. This is particularly 
true when unconventional ideas are incorporated into the 
design. 


4. The airflow around these intricate bodies is so compli- 
cated that even sophisticated mathematical modeling can 
predict only approximate performance parameters. To obtain 
more precise data one must resort to experimental methods 
using some type of wind tunnel. 


5. Individual parts are normally tested first and then 
complete models are constructed and evaluated. 


6. Meaningful results can only be obtained if the approach- 
ing airstream is well defined. Thus, before any experimental 
work can be carried out in a wind tunnel the test section 
must be carefully examined. 


7. (Increase volume of background music. Slide on for max. 
Ole Secs. } 


8. (After 3 secs. -- Fade out music.) 


ineeecalkipmwatiaon Grealwind tunnel consists of investi- 
gating a number of factors. 


9. First, the test section air speed must be determined 
10. Knowledge of the exact wind velocity approaching the 
model permits accurate calculation of all important dimen- 
Sionless performance parameters. 


MimeNext, the lateral velocity Variation must be investigated 


ii elaree yariations £rom a uniform velocity profile are 
found, changes must be made in the tunnel design. 


Lio mlonateudimal pressure gradient should be checked 


Zak 





mieeleethne Pressure Changes significantly through the test 
section then all drag measurements must be corrected. 


15. Flow angularity must also be checked . . 


16. Flows which tend to rotate through the test section will 
ieroaguce errors in all force and moment measurements. 


meine general turbulence level should be determined 


18. High turbulence levels prohibit many types of tests. 
Even a small amount of turbulence modifies the “effective 
Reynolds number’ used to compare test results from one 
tunnel with those of another. 


19. This experiment deals only with determination of the 
MecteseCtLi1on air speed together with an investigation of 
miemiateral velocity variation and the axial pressure 
Gradient. Flow angularity and turbulence level will not 

be considered at this time. We will first discuss possible 
iiemneds C1 checking tunnel air speed. 


Meee iS Not Practical to insert a pitot tube in the test 


section near the model. Its presence would interfere with 
the air flow around the model and lead to erroneous test 
Pesults. Similarly, the velocity measured would not 


represent the velocity approaching the model. 


Zi. One might suggest placing a pitot tube ahead of the 
model at the entrance to the test section. However, such 
a tube must be located rather close to the wall in order 
Dommre ditect the air flow over the model. 


22. Such a location places the pitot tube in the region of 
the boundary layer where the velocity measured is not that 
of the free airstream. 


Zone mest wind tunnels we resort to an indirect measure- 
ment of tunnel air speed. This is done by correlating the 
pressure change across the contraction cone to the velocity 
in the test section . . Let us examine how these are 
related. 


24. We first write an energy equation between the inlet to 
Micmecontactlomecone and the inlet to the test section. 
since the tunnel operates at relatively low speeds we use 
Premedidtronein a form valid for incompressible flow . 


Z5>. Changes in potential are neglected, and we also note 
that no shaft work is involved between the two stations. 
iiemlasctuteri he, sepresents the losses in the contraction 
SOlemmune COlsiaer the 1deal case by neglecting these 
losses 
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Woe the terms of this equation are easily rearranged to give 
mac pressure change, Py- Po» in terms of the velocities at 
Stations one and two... 


27. We now introduce the SOnElIUMeyY equation . . simplify 
it for incompressible flow, and obtain the familiar expres- 
miomeror the velocity ratio in terms of the area ratio... 


28. Substitution of the results from the continuity equation 
into the energy equation enables one to solve for the ideal 
velocity at section two in terms of the pressure change 
across the contraction cone and the tunnel area ratio... 
This equation can also be squared and rearranged to obtain 
pmeexpression for the dynamic pressure, pV over 2g. 


29. The dynamic pressure in the test section is normally 
menenrea tO as the tunnel “q"'. Here we see that the ideal q 
Heeaarectly related to the measured Ap and the tunnel 
geometry. For most tunnels the square of the area ratio is 
negligible. Thus the constant indicated is approximately 
nee. NOte that this expression represents the ideal 
mmel dd. [he actual q will be slightly different due to 
miceviscous and three-dimensional effects that were 
neglected. However, the expression indicates that the final 
Swetoration between Op and q should be essentially linear. 





50. The actuai tunnel q iS measured with a calibrated pitot 
wipemwhtei 15 placed in the center of the test section. . 


Miemelinesadiiterence between the total and static pressure 
indicated by the pitot tube directly represents the tunnel gq 


32. Piezometer rings, which have taps on all four walls of 
Miemeulinel, Cnable average pressures to be detected at 
wearers eene and two. iIhus, the required Ap and the true q 
Gai easily be measured by two differential micromanometers. 


53. A calibration curve is obtained by plotting Ap versus q 
WruUC . .. 


34. In most cases this curve is linear and its slope is called 
eicetunnel calibration factor . . 


Soe incerati@ or the true gq to™the ideal q is known as the 
Mamcoureetlon factor." Recall that the constant in q ideal 
memvetyecl@se FO uUnlty; thus the q correction factor is 
approximately the reciprocal of the tunnel calibration 
factor. 


36. Having completed our discussion of the speed calibration 


we now turn to an examination of the lateral velocity 
variation. 
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Memtdeally, the velocity profile should be constant across 
Miew test section. Boundary layer effects are normally quite 
small immediately following a contracting section. 


Seeeby traversing the test section with a pitot tube, the 
actual velocity profile can easily be determined. 


Seemlt is possible that imperfections in design or construc- 
tion of the tunnel have caused significant deviations from 
the desired velocity profile. If so, this must be remedied 
by introducing guide vanes and/or screens ahead of the test 
section. 


Weemeranally, let us examine the axial pressure distribution. 


wee nc the walls of the test section are parallel, the 
thickening boundary layer tends to produce an effective 
contraction. This causes the free stream velocity to 
increase as it passes through the test section with a 
corresponding decrease in pressure. Such a pressure gradi- 
ent would introduce an erroneous drag force on any model 
being tested. 


42. All well designed wind tunnels avoid this problem by 
having diverging walls which present a gradually increasing 
Smeg s>5eetion CO the air as it passes through the test sec- 
tion. However, this is usually only effective over a small 
range of tunnel speeds. 


43. Pressure ports located at the bottom wall of the test 
section are used for checking the axial pressure gradient. 


44. Flexible tubing connects each port to the top of a 
manometer. A common reservoir feeds the entire bank of 
manometers. 


45. One of the manometer tubes is left open to the atmosphere. 
It is essential to realize that the height of any liquid 
column means nothing by itself, only the difference above 

or below the atmospheric column is significant. Also, since 
Diewtubes are attached to the top of the board, the higher 
liquid columns indicate lower pressures 


46. The axial pressure distribution is vividly displayed on 
the manometer board 


47. Before you enter the laboratory you should carefully 
Scudssetne weitten handout. Be familiar with the calcula- 
tions that must be made so that you know what data to take. 
When you fully understand the experiment, examine the 
laboratory set-up. Considerable time can be saved by 
Pecolamesthorouchiy familiar with the equipment. 
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momevesion agdata sneet before starting the tunnel. This 
sheet should not only contain an appropriate title together 
with any additional information taken at the time of the 
experiment such as date, tunnel operating data, atmos- 
pheric temperature and pressure, etc. Be sure to include 
Piemuml1ces tor all measurements. 


49. Carefully distribute the workload among the members of. 
your laboratory group. If excess labor is available 
results can be calculated and working plots made while you 
macmnunming the experiment. Bad data points can easily be 
Beotced by this procedure. 


290. Check all instruments to make sure they are properly 
Merecc. When you are Satisfied that everything is in order, 
start the experiment. 


51. In summary, we have mentioned the various calibration 
checks that must be made before one can use a wind tunnel 
to obtain meaningful test data. Three of these have been 
discussed in detail. These are determination of the speed 
euepration . . investigation of the lateral velocity 
fPoetiatlom os. . and a check on the axial pressure gradient. 
some helpful suggestions were also made on organizational 
pmecedunes £6 be followed prior to running the experiment. 


(Start background music.) 
pee tochwikert - Zorro Production slide) 


53. (Blank -- Continue music.) 
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WIND TUNNEL TEST SECTION CALIBRATION 


Side Last 


Blank. 

tapes llae. 

Aroast Drawing of XFV-12A in Flight. 

Artist Drawing of XFV-12A Landing. 

Photo of a Wing in the Wind Tunnel. 

miocouom Gonplete Alreraft in Che Wind Tunnel. 

"The Department of Aeronautics Presents." 

mind funnel Test Section Calibration." 

lease occtlon Calibration plus “Speed Setting.” 
Model in Tunnel with oncoming Velocity. 

Same as Slide #9 plus "Lateral Velocity Variation." 
bateral Velocity Variation Profile. 

pallowasS solide f1il° plus “Longitudinal Pressure Gradient." 


Wind Tunnel with Pressure Guages distributed Axially 
atom Tuned: 


Same as Slide #13 plus "Flow Angularity." 
Angular Flow in the Wind Tunnel. 

Piicmacwohide lo pilus “Iurbulence Level." 
Pommciuwmwirten lurbubent low im 1. 

Summary of Objectives. 

Photo showing Pitot Tube right next to Model. 
Diagram of Wind Tunnel showing Pitot Static Tube. 
Horo Oteumpocuocatte Ilbe in Tunnel Wall. 


Diagram of Contraction Cone and Test Section showing 
Ap and V. 
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Energy Equation. 

Energy Equation with Terms crossed out. 
Emency EQuation rearranged to show p,-p,. 
COontinuicy Equation. 

Equation for Vo5deal’ 

Equation fOr ideal’ 
Photo of Pitot Static Tube mounted in Test Section. 
MeUdeLon Lor cae 

Diagram of Tunnel showing Ap and <a ee 

Plot of Ap,_, VS Gpoct? 
Tee nonwor funnel Calibration Factor. 
Definition of q Correction Factor. 

meatenal! Velocity Variation." 

ieaeramneon tdeal Velocity Profile in Test Section. 
Photo of Pitot Static Tube and Transversing Mechanism. 
Same as Slide #12. 


"Axial Pressure Gradient." 


Diagram of Tunnel-with Constricted Flow from Parallel 
Walls. 


Diagram of Tunnel with Diverging Walls. 
PiIGtOmOreeressure Paps ian the Tunnel Floor. 


PiQuOmOumlupings leading from the Pressure Taps in 
Tunnel Floor. 


Diagram of Manometer Tubes showing Ah. 


Photo of Manometer Board Showing Axial Pressure 
eS tee hom. 


VProceaures., 


Data Sheet. 
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Photo showing One Man reading Micromanometer, another 


Operating Speed Controls. 


Photo showing Man checking Zero. on the Micromanometer. 


Summary. 


ieeschwikert-Zorro Production." 


Blank. 
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APPENDIX B 


WIND TUNNEL TURBULENCE CALIBRATION 


ar (Start on blank slide - no cueing pulse required. Back- 
ground music.) 


oe ftancet slide.) 
5. (Department of Aeronautics Presents.) 
4. (Wind Tunnel Turbulence Calibration - Fade out music.) 


= Early wind tunnel experiments revealed discrepancies 
among test results of similar bodies when run in different 
wind tunnels. Investigations showed that these discrepancies 
were caused by varying degrees of turbulence produced in each 
tunnel. <A procedure has been developed to compensate for 
this turbulence by calculating an "Effective Reynolds 
lmmeer . this permits data from different wind tunnels to be 
compared in a consistent manner. 


6 Pie nesen.cac.on will diseuss how the Effective Reynolds 
Number is computed through the use of a "Tunnel Turbulence 
fewer and how the turbulence factor is determined with 
wipe tests in a wind tunnel. 


Te imondermtOrcxplain the rationale behind these tests, 
it will be necessary to review some boundary layer concepts, 
miciludrmme the different velocity profiles typical of laminar 
and turbulent flow. 


8. Paicewill lead to a discussion of boundary layer "'separa- 
tion" which dramatically affects the drag coefficients of 
im pical bodies. 


a. The turbulence associated with flow in the test section 
Gewaewind tunnel causes flow conditions to be similar to 
those that would occur if the same object were tested in free 
air at a higher Reynolds number. Thus, if the calculated 
Poeoeeneynolas number 15 multiplied by an appropriate Tunnel 
Turbulence Factor an Effective Reynolds number is computed 
whieh represents comparable free stream conditions. 


Hee sach wind tunnel! has a Turbulence Factor which 1s 
determined by its design and construction. This factor 
changes slightly with tunnel speed but is nearly constant 
Zomeoremmcinne Ie lunbulence Factors range from one to three 
With a value of less than 1.4 required to obtain good test 
ieecu hts, 
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Melt we take the test results that were shown previously, 
and in each case multiply the test Reynolds number by the 
fMemoulence factor appropriate for that tunnel, the results 
Game be plotted against Effective Reynolds number. 


12. When this is done, we see that the test results obtained 
in three different tunnels are in close agreement with one 
another. 


a>. To understand how the Turbulence Factor is determined 
we must first digress to discuss a few concepts from boundary 
Mayer theory. 


14. When a fluid with a uniform velocity passes over a solid 
Meundary the particles of fluid next to the wall are brought 
To rest. This viscous effect propagates outward to produce 
fevetocity profile which varies from zero at the wall to the 
free stream velocity a short distance away from the wall. 


15. The region close to the wall where these significant 
viscous effects occur is called the "boundary layer". The 
Peveeecnape Of the velocity profile within the boundary layer 
depends on the flow regime involved. 


16. At low Reynolds numbers - where the viscous forces 
Pecaomimate - the fluid tends to flow in layers without any 
Evemeeecxciance between adjacent layers. This is termed 
“laminar flow" and the velocity profile is parabolic. 


17. At high Reynolds numbers the large inertia forces cause 
Mmercoular velocity fluctuations in all directions which in 
turn cause mixing between adjacent layers. This mixing 
transfers energy to the fluid particles next to the wall and 
mncreases their velocity. This is a typical "turbulent flow" 
Vemocity protile. 


18. Thus we see that for the same free stream velocity and 
the same boundary layer thickness, laminar and turbulent 
Vemocmeyeproriles are radically different. We shall soon see 
Eiitpeeieseaditterence plays an important part in explaining 
the characteristic shape of drag curves. 


19. Before we can complete our story we must briefly discuss 
the phenomena of "boundary layer separation". 


20. As fluid flows around an object the pressure first 
decreases as the velocity increases. However, over the rear 
portion of the object the pressure increases again as the 
fluid velocity decreases. It is in this latter region that 
Pucblens OCCUr . 


21. Here we see a fluid particle under the influence of this 
Ppemcumeresctre itelad. it 1s called an “adverse pressure 
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@eaaient'' since these forces cause a fluid particle next to 
the wall to decelerate and eventually reach a condition of 
reverse flow. At this point the boundary layer is said to 
"separate" from the wall and a region of great turbulence 
exists between the boundary layer and the wall. 


wae New recall the possible velocity profiles that can 
exist within a boundary layer. It should not be difficult 
to realize that a laminar profile would be relatively easy 
to slow down and separate as the particles close to the 
Vomeecontain little kinetic energy to begin with. In 
Eqmenaste tO this is a turbulent profile which tends to 
Meese separation for a much longer time. 


23. Here we see a sphere at low Reynolds number with a 
completely laminar boundary layer. Separation occurs aft, 
but very near the maximum thickness point of the body. 
Consequently a very large wake forms which prevents normal 
Pmessure recovery behind the sphere and a large pressure 
drag exists. 


24. In this picture we see the same sphere at a higher 
Reynolds number. In this case the boundary layer is tur- 
bulent and it tends to resist separation until much farther 
aft on the sphere. This results in a smaller wake with a 
@Gomeespondingly reduced pressure drag. 


25. We can now look at the complete drag curve for a sphere 
Omeeingderstand the reasons for its characteristic shape. 

At low Reynolds numbers the laminar boundary layer permits 
early separation, large wakes, and high drag coefficients. 
When the separation point becomes stabilized the drag 
coefficient remains constant. As the Reynolds number 
increases the character of the boundary layer changes. 


26. Somewhere on the surface of the sphere the laminar 
boundary layer will transition to a turbulent one which 
Beeanmates much Larther aft. the smaller wake produces a 
dramatic drop in the drag coefficient. The Reynolds Number 
mice tniss transition OCeCUrs 18 On the order of 3 x 10°. 
itemexatct Mumber 1S a function of the freestream turbulence 
and thus this characteristic curve can be used to determine 
the Tunnel Turbulence Factor. 


27. By taking force measurements on a Sphere in a wind 
tunnel, drag coefficients may be computed and plotted against 
Reynolds number. The Reynolds number for which the drag 
Soctererent equals .3 is called the “Critical Reynolds 
Number." 


Peeelteamspnere were tested in turbulent free air, the 
Critical Reynolds number would be exactly 385,000. 
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meee lmus the turbulence factor for any particular tunnel 
@earecasily be calculated by a ratio of 385,000 to the criti- 
een Reynolds number noted for that tunnel. 


50. Although this procedure appears tobe straightforward 
fiGmotimple it 15 frequently difficult to accurately determine 
the support tare drag and thus we seek an alternate method 

to determine the critical Reynolds number. 


ol. this second method makes use of pressure taps located 
Simeone olrface Of a Sphere. One orifice is located at the 
forward stagnation point. | 


Oe Four other orifices are located 22%° off the longi- 
tudinal axis near the rear of the sphere. These four taps 
are connected together to yield an average pressure. 


33. The pressure difference is noted between the forward 
and rear taps. This Ap is corrected for any logitudinal 
MetimsecCtlONn pressure gradient that may exist, then divided 
beaene tunnel dynamic pressure, and plotted against Reynolds 
number. 


34. It has been found experimentally that when Ap over q 
Puuteowi. 22, the drag coefficient of the sphere is .3. 
Hence this plot can be used to determine the critical 
Reynolds number of the tunnel. 


Soe ine turbulence Factor is calculated as indicated pre- 
viously by dividing the critical Reynolds number into 
mo, 000. 


36. While you are running this experiment you may also be 
PoircamuOmIgvestioate the pressure distribution over the 
Pmemcomsuriace Of the Sphere. This can easily be done, 
Since there are 15 additional pressure taps on the sphere 
whose exact locations are given in a separate handout. 


37. When connected to a manometer board the pressure dis- 
tribution is visually displayed and the separation point 
Gane be easily noted. 


38. Prior to conducting this experiment you should carefully 
Study the written handout. Be familiar with any calculations 
that must be made so that you know what data to take. When 
you fully understand the experiment go to the laboratory and 
Se iiemelemexperinental set-up. Becoming familiar with the 
equipment prior to running the experiment can save consider- 
able time. 


Sel tepare dedata sheet before starting the tunnel. This 


sheet should not only contain columns for all data taken for 
mcm bNcealso shoulda €ontain an appropriate title 
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together with any additional information taken at the time 
Smetne experiment such as the date, tunnel operating data, 
atmospheric temperature and pressure, etc. Be sure to 
iielude the units for all measurements. 


fupmeeneck all instruments to make sure they are properly 
hooked up and zeroed. When you are satisfied that everything 
woeameorder, start the experiment. 


41. Carefully distribute the workload among the members of 
your laboratory group. If excess labor is available, 

results should be calculated and working plots made while you 
are running the experiment. Bad data points can easily be 
Seemevea by this procedure. 


42. In summary, we have seen the importance of knowing 
Mamm@eteturbulence factors in order to compare data obtained 

Damo ererent wind tunnels. Boundary layer theory and the 
phenomena of separation have been discussed briefly in order 
temexp lain how simple tests on a sphere can be used to 
determine the tunnel turbulence factor. Finally, some helpful 
suggestions were made on organizational procedures to be 
followed prior to running the experiment. 


(Start beckeground music.) 
Wemmemtoehiwikert - Zorro Production slide.) 


44. (Blank --- Continue music.) 
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WIND TUNNEL TURBULENCE CALIBRATION 


Slide List 


Blank, 

ihareet Slide. 

"The Department of Aeronautics Presents." 

Wind Tunnel Turbulence Calibration." 

Elot of Cy vs Test Reynolds Number for Three Tunnels. 
Sivroubence Calibration’ plus “Turbulence Factor." 
Same as Slide #6 plus "Boundary Layer Concepts." 
same as olidge #7 plus “Separation.” 

Effective Reynolds Number defined. 

Some Facts about Tunnel Turbulence Factor. 


Piet, ot Clsvs. Reynolds Number showing Test and Effective 
Point. ~ 


Pot .O1 Cy vs Effective Reynolds Number showing Points 
muomelhree Different Tunnels coinciding. 


‘Boundary Layer Theory."' 


Sketch of Uniform Velocity transversing a Wall and form- 
ing a Boundary Layer. 


Sketch of Velocity Profiles within a Boundary Layer. 
Decmelmon lhaminan Boundary Layer Velocity Profile. 
Sketch of Turbulent Boundary Layer Velocity Profile. 


Sketch showing both Laminar and Turbulent Velocity 
leve@ ie al Ife 


mocpamattTon. 
Skheteimore howeover an Object showing Pressure Regions. 
Phetenmocevelocity Protile developing Separation. 


Same as Slide #18. 
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Sketch of Laminar Flow around a Sphere. 
Sketch of Turbulent Flow around a Sphere. 


Plot of Ch vs Reynolds Number pointing out Region with 
Laminar Boundary Layer. 


Plot of C, vs Reynolds Number pointing out Region with 
iuepulent Boundary Layer. 


IP Wee one Cy vs Reynolds Number at R__., in Tunnel. 
eb gas 
Ero: of Cy vs Reynolds Number at R=385,000 in Free Air. 


Cebembation of funnel Turbulence Factor. 


ereten Of ophere in Tunnel showing Sphere and Support 
Tare Drag. 


MIGcomsnowine otapnation Point on Test Sphere. 
Photo showing Aft Taps on Test Sphere. 

Definition of Ap on Test Sphere. 

Plot of Ap/q vs Reynolds Number in the Area of nara 
itimnetelurbilence Factor calculation. 


Photo of Test Sphere showing Pressure Taps from front 
EO. rear. 


Photo of Manometer Board showing Separation. 
SenoOceadures. 

Wee one et. 

Photo of Man checking Manometer Tubing. 

Photo showing Two Men plotting and calculating. 
Summary. 

_wociwikent Zorro Production.” 


Baeanaer 
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Sane PENDIX C 
CONVERGING - DIVERGING NOZZLES 


se Piranesone blank slide ~ . . no cueing pulse required. 
Background music on relatively loud.) 

Zz. (larcet slide. ) 

iS (Keep background music on at decreased volume.) 


One of the topics of your gasdynamics course is varying 
area adiabatic flow. During these studies you learn that in 
order to produce a supersonic stream it is necessary to have 
a flow passage whose area first decreases - and then increases. 


4, However, area changes alone cannot guarantee supersonic 
flow; the proper pressure conditions must exist at entrance 
and eXit. 


or Teemwise peculiar flow conditions may result at the 
PeeeeeOor even inside the device. 


6. (Increase volume of background music.) 

ia (Fade out music.) 

oe In this presentation we shall review the operating 
memimes Or CONVerging-diverging nozzles. Your experimental 


work will verify the various modes that are predicted by 
theory. You will also have a chance to determine Mach 
numbers by several methods. 


9. We start with a converging-diverging nozzle of fixed 

geometry. This type of nozzle is physically distinguished 
iMeticmarea Tatio, that 1s, the ratio of the exit area a 

to the minimum or throat area A, 


PirPiemorccocsure Conditions that exist at entrance and exit 
Pomoc Heneelcmarca ratio to determine the mode of opera- 
Elona ss opeciftically, we are interested in the stagnation - 
Or total pressure feeding the inlet, and the static pressure 
in the receiver that is sensed by the outlet. 


11. We frequently plot the pressure distribution throughout 
the nozzle. For convenience all pressures are ratioed to the 
iiiletesoceapnation. | Im this plot we show the receiver pressure 
the same as the inlet - and obviously no flow occurs. 


12. As the receiver pressure is lowered, flow is initiated. 
At first velocities are all subsonic and typical venturi 
operation results. Minimum pressure and maximum velocity 
exisuesesat the throat. 
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13. As the receiver pressure is lowered still further, the 
flow rate increases; also pressures lower and the velocities 
increase throughout the device. 


ie Eventually, we reach sonic velocity at the throat and 
Mmiemnezzle 1s said to be "choked'"', as we have reached a 
maximum flow rate for any given inlet condition. Note that 
subsonic flow still exists in both the converging and diverg- 
Mieesections. This condition is sometimes called the "first 
Seeercal point." 


meine Ob}ective of this device is to produce supersonic 
flow. But we find that to do this we must lower the 

Mmeeeiver pressure to a very low,value. Conditions up to the 
throat have not changed - hence the flow rate is the same. 

But now the entire diverging section contains supersonic 

meee inis condition is referred to as "third critical." 

A question naturally arises concerning what happens with the 
Viaeercdnge Cf recéliyer pressures between Ist and 3rd critical. 


iteemenre the receiver pressure is set slightly below that 
mMeaqu@rea tor ]St critical. The flow starts to go supersonic 
but then passes through a normal shock. After the shock, 
conditions are subsonic and the diverging section operates 
as a diffuser. 


Ieee roe pressure plot for this case 1s shown. The shock will 
H@emicmltselt in a position such that the pressure changes 

that occur ahead of the shock, across the shock, and downstream 
of the shock will produce a pressure that exactly matches the 
Beeerver pressure. 


18. Thus, as the receiver pressure is lowered more, the shock 
Will move towards the exit. 


19. Eventually, the shock is located at the exit plane and 
this condition is referred to as the "second critical."' Note 
that inside the nozzle conditions are exactly the same as 3rd 
Smiredinor ule design Operating condition. However, 
immediately outside the nozzle we have subsonic flow after 
the. normal shock. 


20. .If the receiver pressure is between 2nd and 3rd critical 
PElcritesiock 15 tOO strong to match the imposed pressure 
conditions and thus a weaker oblique shock takes place just 
Tite tieme cri Ils Condit1on is called “overexpansion”" as 
the flow reaches a pressure inside the nozzle below that of 
the receiver. 


Beeeliechessconlreren picture of an overexpanded nozzle we 


can also see the complicated pattern of expansion and compres- 
Bonewaves aiter the initial oblique shocks 
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DP tecinemlccciver pressure is below that for 3rd critical 
Operation: then an expansion must take place outside the 
imeazghe. Operation in this mode is called "under expansion" 
Since the flow cannot expand to a low enough pressure inside 
me nozzle. 


[eee dere we again note the repetitive wave pattern following 
the initial expansion. . apes 


24. In the experiment you will attempt to verify the dif- 
ferent regimes of operation for a converging-diverging 
ireZ Z Le. 


25. The system is fed by compressed air which is stored in 
Mmlitmoe stank OUtSide the building. The air passes through 

a regulating valve and into a plenum chamber, where its 

femocity 15 very small. From here the air enters the converging- 
meen ping mozzle and exhausts to the atmosphere. 


26. Here we see a photo of the valve, plenum, and nozzle 


27. In this close up we see the two-dimensional converging- 
diverging nozzle. Its front and back are made of glass 

which permits visualization of the flow field within the 
nozzle. Notice that there is a section of about 2-3/4 inches 
in length at the exit which forms a constant area extension 
to the nozzle. The exit area is one inch square. Various 
nozzle blocks are available to produce flow at different Mach 
numbers. The exact contour of the nozzle is given in a 
separate handout. 


foul tlows will be photographed using a standard Schlieren 
system. 


29. Pressures are measured with standard heise gauges. 


Sim Gone tne Mozzle area ratio you can predict the theoreti- 
were Mach nuMben at design operation. This can be 
checked experimentally by at least three different methods. 


31. First, one can determine the ratio of static to stagna- 
tion pressure at the exit. The static pressure is taken from 
a wall tap near the outlet and the stagnation pressure is 
assumed to be equal to that at the inlet. 


Ven Ptinmethirs tatteron Static to total pressure, a quick 
check in the isentropic flow tables reveals the Mach number. 


33. A second method makes use of small waves which are 


generated by the surface irregularities along the wall. 
These waves form at the characteristic Mach angle. 
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Sa. ihe angle can be measured from a Schlieren photo and 
the Mach number readily determined, 


99. the final method consists of inserting a pitot probe 
mreo the exit jet. 


536. A detached shock will form ahead of the probe and the 
probe will indicate the stagnaticn pressure after the shock. 
Peeypical entry in the normal shock tables is the ratio of 
he PRCSSULeNEOmENe Static pressure ahead of the 
shock. 


37. Undoubtably, the Mach numbers determined from your 
measurements will not exactly agree with the theoretical 
Pens mumber predicted by the nozzle area ratio. 


58. Much of the discrepancy can be attributed to the 
boundary layer which forms in the diverging section of the 
nozzle. This makes the effective area ratio smaller than 
m@mae tormed by the physical walls. 


See iso, recall that a constant area section is attached 
Powtne nozzle exit. Flow losses will occur here which 
fiat atfect your results. 


a0. there are a number of other studies which can be made 
with this same equipment. 


41. the glass wali of the nozzle can be replaced with an 
mMiserumnenteda plate permitting the pressure distribution 
Poeuenmouc the nozzle to be recorded. This can be compared 
Eemenucory £Or various modes of operation 


42. By removing one side of the extension a biased, or non- 
symmetrical exit flow results. This simulates typical 
nozzles used in many turbines. 


43. Before you enter the lab you should carefully study the 
written handout. Be familiar with the calculations that 
must be made so that you know what data to take. When you 
Mivetimderstand the Experiment, examine the laboratory set 


up. 


44. Design a data sheet before starting the experiment. 
This should not only contain columns for all data taken for 
each run, but also should contain an appropriate title 
together with any additional information taken at the time 
of the experiment. Be sure to include the units for all 
measurements. 


Peeoumaremcautioned that this free jet 1s extremely noisy 
and proper ear protection must be worn. Communication is 
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meny difficult during the experiment, so plan ahead. Make 
Semtain everyone in your lab group knows their job. 


46. In summary, we have reviewed the various operating 
regimes of converging-diverging nozzles. The experimental 
apparatus has been described along with three methods of 
determining Mach number .. Finally, some helpful sugges- 
means were made on organizational procedures. (Start back- 
ground music). 


47. As with any experiment, this 1s your chance to learn 
some valuable laboratory techniques and compare your experi- 
mental results with those predicted by theory. (Increase 
volume of background music). 

foe wochwikert-Zorro Production slide). 


49. (Biank - Continue music). 
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CONVERGING-DIVERGING NOZZLES 


Sibides was t 


Blank. 

Target Slide. 

Diagram of Converging-Diverging Nozzle. 
Senliveren photo of Matched Flow. 
pehlieren photo of Underexpanded Flow. 
"The Department of Aeronautics Presents." 
Bconverging-Divergine Nozzles." 

List of Objectives. 

Diagram defining Throat and Exit Areas. 


Diagram defining Inlet Stagnation and Receiver 
PGessuLes., 


Graph of Pressure Ratio vs. Nozzle Station (No Flow). 
Same aS olide #11 plus Subsonic Line. 

Same as Slide #12 plus another Subsonic Line. 
pape wacmoride #11 plus ist Critical Line. 
pamceasmolide #11 plus 3rd Critical Line. 
Diagram showing Normal Shock in Nozzle. 


Same as Slide #11 showing Normal Shock Pressure 
hecovery Line. 


Same as Slide #17 showing another Normal Shock 
aesisure Recovery Line. 


Same as Slide #18 showing 2nd Critical Line. 
Same as Slide #11 showing Overexpanded Pressure Line. 
Ssehlieren photo of Overexpanded Flow. 


Saneceadceolide #1) plus Underexpanded Pressure Line. 


41 





De. 
24. 
25. 


ZO. 
Ly. 


ag) 
29. 
30. 
Sil. 
Ba. 
5) 
34. 
ag. 
36. 
ce 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 


47. 
48. 
49. 


Schlieren photo of Underexpanded Flow. 
"Apparatus." 

Block Diagram of Nozzle Experimental Set Up. 
Photo showing Nozzle, Plenum, and Valve. 


miose-Up photo of Nozzle including Extra Nozzle 
Blocks. 


Photo of Schlieren System. 

Photo of Pressure Gauges.. 

"Mach Number Determination." 

Same as Slide #30 plus "Pressure Ratio." 
Diagram showing P/P, and Isentropic Tables. 
same as Slide #31 plus "Wave Angle." 
schlieren photo showing Mach Waves. 

Same as Slide #31 plus "Pitot Probe." 
[iatcraineOneritot Probe and Detached Shock. 
UNeasons tor Discrepancies.” 

Photo of Boundary Layer. 

Photo of Close-Up of Constant Area Section of Nozzle. 
TOtmempeocudies. 

Mmotomot Nozzle Block €Ontainine Pressure Taps. 
Photo of Nozzle Block with One Extension removed. 
Pemog@ecuies, 

Datawonect - 

Photo showing Three Men taking Dees. 

Summary of Program. 

Ei@tosouuGas lheory Book and Experimental Data. 
Pweocivikert-2orro Production.” 

Blank. 
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APPENDIX D 


OBE olLONNATRE ON SLIDE-TAPE BRIEFINGS (September 1974) 


The slide-tape programs that were shown during the 3851 
Maperacories are the result of an ongoing thesis project. 
Considerable time and effort has gone into the preparation 
of these programs and it is our desire to continually assess 
BiemmewOrtcn. ‘our cooperation in completing this question- 
naire as soon as possible will be appreciated. (This will 
not have any impact on your grade but consider completion of 
timseQuestioOnnaire a requirement of the Lab.} Please return 
Mommie. LZucker's mail box in the Aero Department Office. 


1. To refresh your memory, the following lists the presenta- 
tions that you saw: 


A. The Aerolab Low Speed Wind Tunnel (Details of NPS 
Tunnel ) 

bee Operatime Instructions for the Aerolab Tunnel. 

C. Introduction to Low Speed Wind Tunnels (History, 
Classification, etc.) 

Peeeeintoil Performance by Pressure Distributicn. 

oe Part I - Introduction 

Mecano te-) Data Reduetion 

Wind Tunnel Balances (Mountings, Linkage Systems, etc.) 

(iemeerodabe 545" Wand Tunnel Balance (Details of 

NPS Balance) 


BE199 


2. Do you feel that there is a need for presentations of 
Gis type: 


| | Yes 3% |_| No 11% | | No strong opinion 


Weenancowes were givem you which covered the Same material. 
Were these handouts helpful? 


94% |_| Yes 3% | | No 3% | | No strong opinion 


eihiseouestion concerns the duplication of material in the 
handout and the presentation. 


|_| I would rather see the slide-tape presentation only. 


WN 
Qo 


| | imnvoulasrather Gead the handout only. 


Co 
OV 
Qo 


| |r would like to have both the handout and the 
presentation. 


11% | |t would like some other arrangement. Indicate what. 
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Questions 5 through 8 pertain to the programs which covered 
Biewcexperiment on pressure distribution over an airfoil. 


Dis 


Do you feel that the slide-tape presentation contributed 
fO an understanding of the lab and its objectives? 


97% |} Yes 3% | | No | | No Strone opinion 


Were you better equipped to go into the lab and perform 
this experiment? 


86% | | Yes |_| No 14% |] No strong opinion 


Should all experiments be preceded by a briefing of this 
type? 


83% | | Yes 8% | |No 9% |] No SErone  Opiiion 


Part JI was an attempt to cover a dull subject; i.e., the 
derivation of the equations required and the procedures to 
meauce the data, Did this satisfactorily accomplish its 
purpose : 


47% | | yes 19% |] No 33% | |No strong opinion 


It has been suggested that once sufficient Slide-Tape 
flecmmmas have been prepared, the lab could be run on a 
"self-paced" basis. That is, students would sign up (in 
Pmoups OL two Or three} for any time during the week 

that is convenient. They could view the slide-tape 
presentations and then performthe experiment. A techni- 
Sunmuemraebe 1 the general vicinity of the equipment 

for immediate assistance. An instructor would be assigned 
Politenecspresent in the lab} for further consultation. 


(a) Would the Slide-Tape Briefings plus the written hand- 
outs be sufficient for self-paced laboratories? 


77% [ |yYes 23% [| |No 


If you answered no, what additional aids do you 
Suggest? 


(b) WHAT WOULD YOU THINK OF THIS TYPE OF OPERATION? 
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ie END EXE 


CUESTIONNAIRE ON SLIDE-TAPE BRIEFINGS (January 1975) 


iiewrape-slide programs that were shown during the 3851 
MemmOrarori1es are the result of an on going thesis project. 
Bomsiderable time and effort has gone into the preparation 
of these programs and it is our desire to continually assess 
their worth. Your cooperation in completing this question- 
naire as soon as possible will be appreciated. (This will 
not have any impact on your grade but consider completion 
of this questionnaire a requirement of the Lab.) Please 
memnmime tO Prof, Zucker as soon as possible. 


homemcrresh your memory, the following lists the presentatons 
that you saw: 


The Aerolab Low Speed Wind Tunnel (Details of NPS 
Tunnel ) 
Wrerauinewinseruetions for the Aerolab Tunnel. 
Introduction to Low Speed Wind Tunnels (History, 
Classification, etc.) 
Wind Tunnel Calibration 
Wind Tunnel Turbulence Calibration 
Airfoil Performance by Pressure Distribution 
Pane ols = Introduction 
Airfoil Performance by Pressure Distribution 
Bowel Nata Keavec1on | 
Wind Tunnel Balances (Mountings, Linkage Systems, etc.) 
iiecmxvenwotap "545" Wand funnel Balance (Details of 
NPS Balance) 


so CG Ame ox = 


1. Did the presentations sufficiently prepare you to conduct 
the experiments 7? 


50% | | Yes 50% | |No | | No Opinion 


If your answer is No please give details. 


2. Handouts were given to you which covered the same material 
Aomeinemslide-tape programs: Were these handouts necessary? 


100% | | Yes | | No | |No Opinion 
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See iis Guicstion Concerns the duplication of material between 
the printed handout and the slide-tape presentation. 


| |r would rather see the slide-tape presentation only. 
BE VOUM@~m~dthcimencad the handout only. 


100% PaVvouldmiltkemtenmnave both the handout and the 
PResSenrac?1on. 


BE would like some other arrangement. Indicate what 


4. Did you encounter any problems during the experiments that 
PGeaqutned an instructor ¢ 


50% [| yes 50% | ]No 


If your answer is yes please give details. 


9. Would you recommend that other lab courses be taught using 
piade=-tape presentations? 


sos | |yes _. 208 |__| No | |No Opinion 


tony ouw reel that the slide-tape presentations contributed 
PomlimindersStandine Of the lab and its objectives? 


100% || noe | | No | |No Opinion 


7. Organizational and Procedural tips were given in some of 
elite slectures. 


mene occult l On vOUmIn COnducting the experiment? 


100% | | Yes | | No | | No Opinion 


b. Can you think of any other tips that should be 
included? 


In questions 8 and 9 be as specific as possible by referring 
MOmpreseltations by the letter opposite listing on first page. 
For example: opposite "Too short'! mark F if you feel that is 
BOpuoOpriace . 
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Or 


He. 


NZ 


Gitecesitae-tape presentations were 


H(1) Too long and drawn out. 
MOrjyG(Z)H(1)I(1) ~ Too short, Cech weCOVeimuIIe SUD ieCe ES . 
Pact hOoyMCS)E(4)F(9) 

G(8)H(8)1I (9) Apeuie 21 Chit. 
Peeve (l)F(1) No opinion, 


Domvoumreel the presentations contained 


H(1) Teo many slides, they detracted from 
ice” See janes 


MD G(Z HR (1)J (1) NGeeecmouchieslides to illustrate 
impoOntant Ponts. 


A-C(10)D(8)E(9)F(9) 
G(8)H(8)I (9) About right. 


wee (1) F (1) No opinion. 


The following techniques were used in designing the 
wendtesmised in the slide-tape programs. 


White letters ona solid colored background, 

Black letters on a solid colored background, 

White letters on colored background with texture. (In 
presentation E) 


a. Was any letter/background combination distracting 
Oiecititeull tO View! 


b. Did you prefer any letter/background combination? 


foamencne anything that you particularly liked/disliked 
apeucetnc siidé-Cape programs: 


Do you have any suggestions to improve the slide-tape 
programs? 


47 





ay 


meeias Deen Suggested that once sufficient slide-tape 
briefings have been prepared, the lab could be run on a 
self-paced" basis. That is, students would sign up (in 
groups of two or three) for any time during the week that 
1s convenient. They could view the slide-tape presenta- 
tions and then perform the experiment. A technician would 
Beomimetne general vicinity of the equipment for immediate 
assistance. An instructor would be assigned (but not 
Pmecent in the lab) for further consultation. 


Memenoltrd the Slide-tape briefings plus the written 
handouts be sufficient for self-paced laboratories? 


100% |_| Yes [| No 


If your answer is no, what additional aids do you 
suggest? 


b. Would you like/dislike taking the lab on this 
system? Comment. 
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